The taxonomic position of a Gram-positive, non-motile, non-spore-forming coryneform, isolated from activated sludge and designated strain CAU 212 T , was investigated using a polyphasic approach. Cellular morphology, biochemical tests and chemotaxonomic investigations revealed that strain CAU 212 T had the characteristics of the genus Corynebacterium. Comparative 16S rRNA gene sequence analysis showed that the organism formed a hitherto-unknown subline within the genus Corynebacterium. Sequence divergence values of more than 4.3 % from recognized Corynebacterium species, together with phenotypic differences, showed that the bacterium represents a previously unrecognized member of the genus Corynebacterium, for which the name Corynebacterium doosanense sp. nov. is proposed. The type strain is CAU 212 T (5KCTC 19568 T 5CCUG 57284 T ).
The genus Corynebacterium was established by Lehmann & Neumann (1896) and represents one of the largest groups within the Actinobacteria. At the time of writing, Corynebacterium comprised 95 recognized taxa. In recent years, many of the recognized species within this genus originated from clinical specimens of humans (Hall et al., 2003; Renaud et al., 2007; Yassin, 2007; Yassin & Siering, 2008) , animals (Goyache et al., 2003a, b; Fernández-Garayzábal et al., 2003 Collins et al., 2004; Vela et al., 2006) and environments (Yassin et al., 2003; Chen et al., 2004; Feurer et al., 2004) . Until now, however, there have been relatively few reports of corynebacteria from activated sludge. During the course of routine screening of bacteria for industrial purposes, a Corynebacterium-like strain, designated CAU 212 T , was isolated from activated sludge from the wastewater treatment plant in Yeongdeuk-gun, Republic of Korea.
The isolation procedure for strain CAU 212 T followed that of Gordon & Mihm (1962) by using glucose-yeast extract agar (GYEA; comprising per litre: 10 g yeast extract, 10 g glucose and 15 g agar) supplemented with 50 mg cycloheximide l 21 and 20 mg nalidixic acid l 21 . An activated sludge sample was diluted with sterilized distilled water and appropriate dilutions were spread onto the GYEA medium and incubated aerobically for 3 days at 30 u C. An opaque, yellow, low-convex bacterial colony with a diameter of 1-2 mm was subcultured on sheep blood agar plates (Asan Pharm Co.). The pure culture of CAU 212 T was preserved in 25 % (v/v) glycerol at 270 u C. The cell morphology of colonies was observed at different incubation times, every 24 h for 3 days, with a microscope following Gram staining.
Strain CAU 212 T was characterized biochemically using the API Coryne, API 20 Strep and API ZYM kits (bioMérieux) according to the manufacturer's instructions. The Christie-Atkins-Munch-Petersen (CAMP) test with Staphylococcus aureus was performed as described by von Graevenitz & Funke (1996) . Cell-wall murein was prepared by mechanical disruption of cells and complete acid hydrolysates were analysed as described by Schleifer & Kandler (1972) . Cellular fatty acid methyl esters were extracted by acid methanolysis (Minnikin et al., 1980) and analysed by using a Hewlett Packard series II gas chromatograph model 5890A equipped with a 5 % phenyl methyl silicon-fused silica capillary column (HP 19091B-102) . The presence of mycolic acid was investigated by GLC analysis of trimethylsilylated derivatives (Klatte et al., 1994) .
Genomic DNA of strain CAU 212 T was isolated and purified by using the method of Marmur (1961) . The DNA G+C content was measured by using the thermal denaturation method (Marmur & Doty, 1962) . PCR amplification and sequencing of the 16S rRNA gene were carried out following established procedures (Nam et al., 2004) . The amplified 16S rRNA gene was sequenced directly using a BigDye Terminator Cycle Sequencing kit (Applied Biosystems) and an automatic DNA sequencer (model 3730; Applied Biosystems). Multiple alignments with sequences of a broad selection of corynebacteria and calculations of sequence similarity levels were carried out by using CLUSTAL X (Thompson et al., 1997) and the EzTaxon server (Chun et al., 2007) . A phylogenetic tree was constructed using the neighbour-joining algorithm (Saitou & Nei, 1987) from the PHYLIP suite of programs (Felsenstein, 1989) . Evolutionary distances for the neighbour-joining analysis were based on the correction of Jukes & Cantor (1969) . Tree topology was evaluated by using the bootstrap resampling method with 1000 replicates (Felsenstein, 1985) of the neighbour-joining dataset with the SEQBOOT and CONSENSE programs from the PHYLIP package.
Colonies of strain CAU 212 T on GYEA plates growing under aerobic conditions at 30 u C for 3 days were yellow, opaque, low-convex and approximately 1-2 mm in diameter. On sheep blood agar after 48 h of incubation, colonies were small (about 1 mm in diameter), yellow, opaque and non-haemolytic. Microscopic examination of the cells showed Gram-positive, non-motile, irregular and club-shaped rods, a typical coryneform morphology. Mycelia and spores were not observed. Cells were catalaseand oxidase-positive. API Coryne, API 20 Strep and API ZYM test strips provided adequate phenotypic data to describe the novel isolate and a detailed description of the key phenotypic characteristics of the isolate is given in Table 1 and in the species description.
Using the API Coryne system, positive results were obtained for the production of pyrazinamidase, production of acid from glucose and reduction of nitrate. The API Coryne code for strain CAU 212 T was 3000104 and generated poor confidence levels towards Corynebacterium accolens, C. striatum/amycolatum and C. argentoratense when compared with API Coryne database version 3. Results from the API 20 Strep system were positive for sodium pyruvate and hippuric acid hydrolysis. The API ZYM test detected esterase lipase (C8), leucine arylamidase and naphthol-AS-BI-phosphohydrolase. The CAMP test was negative. An examination of acid hydrolysate of cellwall murein revealed the presence of meso-diaminopimelic acid as the dibasic amino acid. TLC analysis of whole-cell hydrolysates detected mainly galactose and arabinose. Short-chain mycolic acids were also detected. Predominant fatty acids corresponded to C 14 : 0 (0.3 %), C 16 : 1 v9c (1.1 %), C 16 : 0 (18.8 %), C 18 : 1 v9c (67.0 %) and C 18 : 0 (9.9 %). The major long-chain cellular fatty acids of the organism were C 12 : 0 (3 %), C 14 : 0 (4 %), C 16 : 0 (28 %), C 18 : 0 (25 %), C 18 : 1 v9c (28 %), C 18 : 1 v7c (1 %) and C 20 : 0 (2 %). Small amounts of short-chain mycolic acids (C22-32) were also detected. The DNA G+C content of strain CAU 212 T was 53.5 mol%.
The nearly complete 16S rRNA gene sequence of strain CAU 212 T (1494 bp) was determined and compared with the corresponding sequences of other bacterial strains in the GenBank database. A phylogenetic tree, based on 16S rRNA gene sequence data from strain CAU 212 T and corresponding sequences from the type strains of recognized corynebacteria as well as Tsukamurella paurometabola DSM 20162 T , was constructed according to the neighbour-joining algorithm (Fig. 1) . The genus Corynebacterium embraces a very diverse range of organisms and it is recognized that the genus is not monophyletic and comprises several distinct 16S rRNA gene lineages. The tree topology, supported by high bootstrap values, clearly separated strain CAU 212 T within the genus Corynebacterium. It is evident from our 16S rRNA gene sequence study that strain CAU 212 T is a distinct member of the subclade containing Corynebacterium hansenii C-138 T , C. xerosis ATCC 373 T , C. freneyi ISPB 6695110 T and C. halotolerans YIM 70093 T within the phylogenetic tree. Pairwise similarity values ranged between 95.7 % (C. hansenii CIP 108444 T ) and 90.3 % (C. hoagii ATCC 7005 T ). High sequence divergence values (.4.3 %) with Table 1 . Differential phenotypic properties of strain CAU 212 T and its closest phylogenetically related species Strains: 1, CAU 212 T (C. doosanense sp. nov.); 2, C. hansenii CIP 108444 T ; 3, C. singulare CCUG 37330 T ; 4, C. minutissimum NCTC 10288 T ; 5, C. xerosis ATCC 373 T ; 6, C. freneyi ISPB 6695110 T ; 7, C. halotolerans YIM 70093 T . All strains produce acid from glucose. All data are from this study. +, Positive; 2, negative; V, variable. The type strain is CAU 212 T (5KCTC 19568 T 5CCUG 57284 T ), isolated from activated sludge taken from a wastewater treatment plant in Yeongdeuk-gun, Republic of Korea. 
